Abstract. Phase 1 fission propulsion systems focus on safety, timely development, and affordability. Prototype and flight units can be tested at full thrust, using resistance heaters to closely simulate heat from a fission reaction. In Phase I ground testing, one goal is to establish a reliable and affordable manufacturing technique for fabricating a flight-like core. A refractory metal (Mo) has been suggested for the core substrate, primarily due to the existence of a significant database for Mo/UO2 fuel. The core can be fabricated by bundling Mo tubes with a bonding system that meets preliminary test goals. These criteria include materials _mpatibility, ability to malntain thermal and structural integrity during 10,000 hours of operation, and fabrication with existing facilities. This paper describes an effort to investigate several fabrication techniques in a cost-effective manner.
INTRODUCTION
Initially, an investigation was planned concerning the feasibility of brazing or welding Ta tubing to a W simulator supplied by LANL.
After a stainless steel manifold was introduced for fueling cycles, more readily available materials were investigated, such as Nb, Ni, and 304 stainless steel (304SS). Modules were prepared from different materials using various assembly methods, which included brazing, electron beam (E-beam) https://ntrs.nasa.gov/search.jsp?R=20010020210 2019-07-25T10:55:39+00:00Z was gas W arc welded. During fabrication, it was tack welded using a standard 308-L stainless steel rod with an Ar shield ( Figure 1 ). Smaller tubes were used to allow preliminary testing of candidate heaters, which provided data comparable to the W element.
FIGURE 1. Spot-Welded Stainless Steel Module (!.27-cm O.D. Tubing).
Next, 304SS tubing sections were joined with Wood's Ni strike followed by an electroless plating process using Ni sulfamate. During the first attempt, the module only plated near the tubing ends. At increased amperage, the plating was more complete, but thickness variations were produced (Figure 2 ). In addition, this module debonded after sectioning.
A third attempt was made using an electrolytic cycle. This process produced better uniformity and bonding, but the module tended to spall when sectioned. stainless steel powder (Figure 3 ). The module was sufficiently coated in a thermally conductive manner. However, each module had to be machined before testing to ensure a uniform coating.
Although this technique showed promise, it was not pursued further due to financial and schedule constraints. A mechanically bundled 304SS module was also fabricated. It consisted of seven sections of tubing that were secured with 304SS wire (Figure 4 ). This module lacked structural integrity, but otherwise behaved as intended by the original design. in a similar manner. The first module was primarily used to verify temperature limits. A second module was fabricated using an alumina adhesive developed at MSFC ( Figure 5 ).
FIGURE 5. Bundled Ceramic Module (1.59-cm O.D. Tubing)
Meanwhile, LANL and AMM were optimizing methods for brazing tubes fabricated from Mo ( Figure 6 ), a material that is not readily welded or brazed. To optimize its strength and thermal conduction, AMM and Scarrot Metallurgical Company made considerable efforts to ensure that all braze joints had maximum metal contact. Several iterations were required, due to problematic temperatures and vacuum levels. Many of these modules were used to study the homogeneity necessary for parent, braze, and fixturing materials. Several were shipped to MSFC for destructive and nondestructive evaluation. Some were thermally cycled in vacuum and atmospheric furnaces. Others were tested in the core chamber. Another group was sectioned ( Figure 6 ) for mechanical testing (Table l) . The same modules can be used to ascertain compatible baseline data for the 30 and 300 kW cores.
